Overlapping restriction fragments from the region between the single Eco Rl site and the origin of replication of the piasmid, Col El, have been utilised as templates in an in vitro transcription assay using E.coli RNA polymerase. Transcription towards the single Eco Rl site is initiated at a point 415 bp to the origin side of that site. In vivo, transcription starting at this point probably produces the mRM for the colicin immunity protein. Transcription away from the ^c£ Rl site is initiated at a point 140 bp to the origin side of that site and terminated 30 bp further on. This terminator is probably the point at which transcription of the colicin gene is terminated in vivo. DNA sequence analysis in both these regions demonstrated several similarities to other prokaryotic regulatory regions. 50% homology between the putative immunity promoter and other prokaryotic promoters is apparent, so are similarities in AT-content. Upstream of the ATG start codon the sequence PuPuTTTPuPu and a termination codon (TAA) appear; both are typical of prokaryotic ribosome binding sites. The colicin ' terminator demonstrated similarities to other rho-independent prokaryotic terminators: a GC-rich region with termination in an adjacent AT-rich region containing T clusters on the non-coding strand. The possible role of initiation upstream from the colicin terminator is discussed.
INTRODUCTION
The plasmid, Col El, has been used extensively as a cloning vehicle (2) (3) (4) (5) and as a model for DNA replication (6) (7) (8) . The genetics of this extrachromosomal element have been examined with the aid of deletion and Tn mutants (9) (10) (11) and several structural genes have been localized, including the colicin, immunity and mobility genes (see Fig. 1 ). However, the start points and directions of transcription of these genes are not clear. For instance, the expression of genes inserted in the Eco Rl site of Col El and the location of the strongest RNA polymerase binding site in the region of the colicin gene indicated transcription away from the origin of replication towards the single Eco_ Rl site (i.e., anticlockwise in Fig. 1 ) (5) . However, the sizes of the proteins produced in mini-cells by the parental plasmid and by a derivative containing an insertion at the Ec£ Rl site suggested that Eco Rl Figure 1 . The genetic map of Col El (10) showing the colicin, immunity, and mobility genes as well as the origin of replication (Ori). The colicin and immunity genes exhibit overlap, the heavy line indicates the portion of Col El retained in pVH51 (12) . The single Eco^ Rl site is included as a reference point.
transcription was in the opposite direction (4).
We have previously reported (13) that the two most AT-rich fragments in pVH51, a Col El derivative containing about half the Col El genome (12, see Fig. 1 ), mapped in the colicin and immunity regions and bound E.coli RNA polymerase \ery tightly. This paper reports in vitro transcription and DNA sequencing studies on these two regions. The DNA sequence is correlated with the transcription results and the genetic evidence.
MATERIALS AND METHODS
Preparation of (dTg)n markers. These were prepared essentially as described by Raae et. aK (14) with the dT g first of all being end-labelled. [Y--S2 P] ATP was prepared as described (15) and 100 pi (1.4 mCi, -v. 70% in ATP) was evaporated to dryness and dissolved in a solution (99yl) containing 0.15 mM dT g (gift of E. Seising), 40 nfl Tris HC1 pH 7.5, 2 mM dithiothreitol, 10 mM MgCl~ and 0.1 mM cold ATP. T4 polynucleotide kinase (P.L. Biochemicals, 1 yl, 10 units) was added and the mixture was incubated at 37°C for 30 min.
The solution was extracted with equilibrated phenol and then with ether, the last remnants of ether being removed under vacuum. The remaining aqueous solution was made 50 mM in Tris HC1 pH 7.5, 7 mM in dithiothreitol and 1 mM in ATP. dA (gift of J. Larson, 12 yl, 0.14 ODofi O^ and DNA ligase (gift of E.Seising, 2 yl, 0.4 units (ATP-PP-j exchange assay,16)) were added and the mixture was left at 4°C for 16 h. After the addition of dT n (67.5 yl, 0.76 0D o< -n ), the mixture was heated at 100°C for 3 min and then quick-chilled in ice/water. The marker mixture was stored at -20 C and used directly.
Restriction fragment purification. Restriction fragments derived from the appropriate nonradioactive or in vivo [ H]-labelled plasmid DNAs were cut out of ethidium bromide-stained 5% polyacrylamide, 25% glycerol slab gels and eluted as described (15) . The eluate was extracted with equilibrated phenol and then with ether, and the DNA was precipitated with ethanol, collected by centrifugation, washed with ethanol, recentrifuqed and dissolved in water. The amount of each fragment was quantitated for the transcription assays by UV spectroscopy or scintillation counting (in the case of the [ H]-labelled DNAs). Two of the fragments used in the transcription assays (575 and 425 ) were isolated by RPC-5 chromatography of a Ha£ III digest of pRZ2 DNA (17) . In fact, the superscript in 425 denotes elution at a higher salt concentration than two other fragments of the same size (17).
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In vitro transcription assays in the presence of [a-P] UTP. These were carried out essentially as described by Majors (18) and Haquat and Reznikoff (19) . 0.1 yg of the 192 bp fragment or the molar equivalent of a different sized fragment were preincubated for 3 min at 37°C in 14 yl of a solution containing 30 mM Tris HC1 (pH 7.9), 0.1 mM EDTA, 3 mM MgCl 2> 100 mM KC1 and 0.1 mM dithiothreitol. RNA polymerase (gift of L. Maquat, 1 yg in 1 yl) was added at a 2.7:1 molar ratio of enzyme to DNA and the incubation was continued for 10 min when heparin (Sigma, 1 yl, 2 yg) was added. One minute later, the reaction was made 200 yM in ATP and GTP, 10 yM in CTP and 5-10 yM in [a-P] UTP (Amersham Searle or New England Nuclear, 350 Ci/mmole). 10 min later ice-cold transcription buffer (as above, 100 yl) containing tRNA (100 yg) was added to terminate synthesis. The reaction mixture was extracted with equilibrated phenol and made 0.3 M with respect to sodium acetate. After precipitation with ethanol, the RNA-containing pellet was washed with 90% aqueous ethanol, dried in vacuo and redissolved in 0.1 x Tris-borate-EDTA electrophoresis buffer (20) (16 yl) . A solution (4 yl) containing 50% glycerol, 0.25% bromophenol blue and 0.25% xylene cyanol was added to each sample before electrophoresis on 10% polyacrylamide-7 M urea (Research Plus Laboratories, Inc.) slab gels (21) . Gels were covered with Saranwrap and exposed, without drying, to X-ray film (Kodak) at -70°C. synthesized in the presence of [y-P] ATP, were cut out from gels and eluted in the manner described above for DNA. The final dried pellets were redissolved in 60 pi of a solution containing 20 mM sodium citrate pH 5, 1 mM EDTA, 7 M urea, 0.025% xylene cyanol, 0.025% bromophenol blue and tRNA (75 pg). Each solution was then divided into three 20 pT aliquots. Ribonuclease Tl (Calbiochem (gift of E. Calva and R. Burgess), 1 pi, 0.5 unit) was then added to one of the aliquots, 2 pi of the resulting mix was added to one of the other aliquots and then 2 pi of this resulting mix was added to the last. All three solutions in each case were incubated at 50 C for 15 min and then fractionated directly on a 20% polyacrylamide "sequencing" gel (15), modified as described below. Autoradiography detected the labelled bands. The gel was calibrated using the sizes of the products of partial Tl ribonuclease digestion of X 6S RNA (22) . Interestingly, the (dTg) n products migrated about 1 cm further than predicted from this calibration curve. DNA sequencing. This was carried out essentially as described by Maxam and Gilbert (15) . The appropriate plasmid DNA (50 pg) or the Hae^ III fragment 425 (17) (5 pg) were digested with suitable restriction enzymes and the fragments to be sequenced were isolated from 5% polyacrylamide gels. The 5'-terminal phosphate groups were removed using bacterial alkaline
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phosphatase (Sigma), [y-P] ATP was prepared as described and -x. 1.5 mCi of the final reaction mixture was used, with T4 polynucleotide kinase (Biolabs or P.L. Biochemicals) to end-label each fragment. After secondary restriction cleavage, the fragments labelled at one end were isolated from a 5% polyacrylamide slab gel. The four reactions performed on each fragment were A > G, G, C and C + T. Reaction times were generally 25, 10, 25 and 20 minutes respectively. The gels were either made up according to Maxam and Gilbert (15) or the amount of bis-acrylamide was increased (ratio of acrylamide to bis 19:1). This modification seemed to increase the spacing of the larger cleavage products. Both types of gels were generally electrophoresed at between 350 and 450V in 1 x Tris-borate-EDTA electrophoresis buffer (20) . Gels were covered with Saranwrap and exposed without drying to Kodak No-Screen X-ray film at -70°C.
RESULTS
All the Col El derivatives used in this study retain the region between the Eco Rl site and the origin of replication, i.e., the colicin immunity gene and one end of the colicin gene.
In a previous communication (13) , we demonstrated RNA polymerase binding to the two Hae III fragments which mapped between the Eco Rl site and the origin of replication of Col El. This observation was interesting because these two fragments mapped at one end of the colicin gene (365) and in the region of the colicin immunity gene (425 ), see Fig. 2 . This RNA polymerase binding data was reinforced by preliminary experiments which showed that the E^ Rl- Ta£ 1 192 bp fragment and 425 both acted as templates for in vitro transcription. To determine the direction and start point of this transcription in each case, a number of overlapping restriction fragments from these regions were subjected to in vitro transcription analysis and DNA sequencing.
Transcription in the immunity region and that transcription proceeds leftwards at least as far as the Tag I site at the end of 455 (see Fig. 2 ).
In addition to the major transcripts (50 and 220 nucleotides) mentioned above, two minor products (160 and 140 nucleotides) were detected (Fig. 3) . The 160 nucleotide band in the 455 channel may be the result of transcription in the same direction as for the 220 nucleotide RNA but shortened by stuttering initiation or premature termination ( -50 -60 -70 -80 -90 -100 Figure 5 . DNA sequence from the immunity region in Col El. This sequence was deduced from the data in Fig. 4 and a repeat of that using four loads instead of three. The numbers denote residues relative to the start point for transcription at +1 (marked with an arrow).
colicin gene (9,10). However, as discussed in the Introduction, it is not clear whether it is the beginning or the end of the colicin gene (4,5). Fig.  2 (middle) shows three fragments which overlap this region: the 192 bp Eco Rl -Ta£ I fragment, the 365 bp ^co Rl -hlaue III fragment and the 575 bp H^e III fragment. Fig. 6 shows the results of an in vitro transcription assay utilizing these fragments as templates. The two major transcripts synthesized on 192 were 31 and 37 nucleotides in length. The presence of these same two major RNAs among the products of synthesis on the 365 and 575 templates implied that they were not the result of transcription terminating at either end of the 192 bp fragment, but rather the result of internal starting and stopping.
The minor (228, 195 and 100 nucleotide) RNAs transcribed from 575 and 365 are the same for both templates and therefore could not result from transcription terminating at the left ends. Their probable identity as readthrough products starting in the same region as the major (31 and 37 nucleotide) transcripts is discussed below in the light of DNA and RNA sequence information.
DNA and partial RNA sequence in the colicin region DNA sequencing coupled with partial Tl ribonuclease digestion of the end-labelled transcripts was performed to determine the major transcription initiation and termination points in this region (i.e., those for the 31 and 37 nucleotide RNAs). (Fig. 7) is rather disconcerting since the 37 32 nucleotide transcript was shown to initiate with [y-P] GTP. The DNA sequencing data for this region was scrutinized very closely for a possible C -> T confusion (the transcribed strand was sequenced) but none was apparent. The nearest G residue in the sequence is at position -4, which is outside the experimental error for reading the gel of the partial Tl digested RNAs. A 32 possible failure of the transcription assay using [y-P] ATP is ruled out by its success with the Xplac5 control. Thus, I have no explanation for this discrepancy.
Transcription initiating at the two start points, +1 and +5 (Fig. 7) , places the transcription termination points at positions +35 for the 31 nucleotide transcript and +37 for the 37 nucleotide RNA. Transcription initiating at the same two start points and terminating at the common right end of 365 and 575 would result in the 228 nucleotide product we see in As mentioned above, the ATG codon occurs at +10 to +12. Some features common to untranslated regions are apparent in the sequence proximal to this initiation codon. The sequence PuPuTTTPuPu and a termination codon (TAA) are both found within a few bases of the initiation codon (29). However, no great degree of secondary structure of the mRNA (30,31) is apparent in this area. If transcription initiated three residues upstream from the position marked as +1 in Fig. 5 (i.e., position -3) Several characteristics of prokaryotic transcription terminators are becoming apparent (27) . These include a GC-rich region of dyad symmetry with termination in an adjacent AT-rich region containing T clusters on the noncoding strand. Termination as indicated in Fig. 7 complies with all these conditions except the dyad symmetry. Indeed, GC and AT blocks abound in this region, as do T clusters in the non-coding strand. This may ensure fail-safe termination. Sequence heterogeneity at the 3'-OH terminus of mRNA (as indicated in Fig. 7 ) has also been observed for the trp leader (40) and X cro (41) RNAs.
The presence of apparent "promoters" up-stream from the colicin terminator (Fig. 7) is somewhat surprising, although a possible function for these may be to slow down the RNA polymerase for termination. A similar situation has been observed in bacteriophages fd (42), *xl74 (43) and possibly \ with the £ro terminator t Rl (27) . Some homology with the prototypic promoter sequence (26) is apparent for the two start points indicated in Fig. 7 (38% homology with the strongly preserved residues and 33% with the strong and less strong ones for both "promoters"). Both "promoters" are 66% AT overall and 74% AT between positions -21 and +13, thus conforming to the prototype on both counts. However, 50% and 58% AT between positions -45 and -56 for the 31 and 37 transcript "promoters" respectively falls below the prototypic value of 68%. So agreement is reasonable but not as good as for the immunity promoter. Further agreement with "promoter" requirements was indicated by cutting with the restriction enzyme, A\M II, in the region -24 to -28 (Fig.7) which seemed to prevent initiation from either of the two start points (data not shown). An alternative but less likely explanation of the "promoters" a short distance upstream from the terminator is, of course, that the DNA in between codes for a leader RNA and that the terminator is in fact an attenuator. Such a high proportion of termination at an attenuator in vitro has precedent in the tr£ operon (44). These "promoters" and the "attenuator" fall within the genetic locus for immunity and therefore they could function in transcription of the immunity gene. This seems unlikely since that would leave no apparent function for the strong initiation of transcription observed at the other end of the immunity gene. 
